To qualitatively check the exchange rate per mass, we performed measurements of the decreasing conductivity in standard electrolyte solutions using a standardized closed deionization circuit, S1 each with 10 g of different species of IEX added. We found the exchange rate per mass of the resin based IEX to be about one order of magnitude larger than for the micro-gel IEX. For the later we further observed a decrease of the rate with decreasing size. We also quantified the exchange rate of a single fixed IEX45 by measuring the radial distribution of pH-values as a function of time in a typical experimental geometry. Comparing the concentration of released protons integrated over the formed gradient at different times, we obtain an exchange rate of 5 × 10 -17 mol/s, decreasing with t -1/2 , as expected for diffusion-limited exchange.
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The electrophoretic mobility of isolated colloidal spheres was measured in deionized water at contact with ambient air by micro-electrophoresis in a home-build Perspex cell (10 mm×10 mm) based on the construction originally introduced by Uzgiris. S2 An alternating square wave electric field (f = 0.5 Hz; E = 20 V/cm) was applied between two platinum electrodes mounted vertically in the cell center far off the cell walls to avoid influence of electro-osmosis. The cell was mounted on a micro-electrophoresis instrument (Mark II, Rank Bros. Bottisham, Cambridge, UK) providing ultra-microscopic illumination and observed with a consumer DSLR (D800, Nikon, Japan) equipped with macro-lens. Using an exposure time of 3 s, the response of individual spheres to gravity and the field translated to zigzagged trajectories readily analysed for the electro-phoretic mobility. Data were averaged over at least 5 × 10 2 particles for each species. We used standard electro-kinetic theory, S3 to calculate the effective charges Z eff assuming a Debye-Hückel-type electro-static potential (see Eqns. 9a and 9b in the main text). Results for Z eff as a function of particle diameter are shown in Fig. S1 . Over the range of diameters Z eff shows a power-law dependence and the best least square fit yields Z eff α a 1.8 . 
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Videos:
Video 1: PS5 circulating in the anisotropic convection cell of an IEX splinter on uncoated substrate. (Image size: 224x168 µm 2 , 20x real time speed).
Video 2: The assembly of colloidal particles of radius a = 6 -1 around a spherical IEX particle with size a IEX = 20 -1 . Field of view is 400  400  -2 . Simulation parameters: N = 1000, R = 500, R init = 200, initial density 1.3 x 10 -3  -2 , δt = 2×10 -5 τ and case 1. At larger particle density, no well defined ring is formed. Crystallization begins with significant fluctuations. Several different crystalline grains are formed and stabilized, which intersect creating grain boundaries that strongly fluctuate and anneal with time. At the end of this run, a bent single crystal domain with two defect zones is obtained.
Video 3: The assembly of colloidal particles of radius a = 12 -1 around a spherical IEX particle with size a IEX = 50 -1 . Field of view is 400  400  -2 . Simulation parameters: N = 500, R = 3500 -1 , initial density 1.310 -5  -2 , δt = 1×10 -4 τ and case 2. At smaller colloid density, ring formation is observed, and the assembly distance decreases significantly between t/ = 300 and t/ = 1500, but it becomes approximately constant thereafter. In the final state, a single domain crystal with two crystal orientations and pronounced elastic deformation forms.
